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PATENT 

Attorney Docket No. 2307E-080700 
ACELLULAR MATRIX GRAFTS: PREPARATION AND USE 

This invention was made with Government support under Grant No. 
DK51101, awarded by the National Institutes of Health. The Government has certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 



|U Bladder reconstruction plays an essential role in the treatment of voiding 

1 disorders characterized by low bladder capacity or high intravesical pressures or both-1 
^ ° The ideal material should be biocompatible and mechanically reliable, resist extraluminal 
h infection, deter or tolerate intralummal infection, and be easy to implant surgically. The 
El material should preserve renal function, provide adequate urinary storage at low pressure 
IQ^ and allow volitional, complete evacuation of urine per urethram. To achieve this goal, 
f U autoaugmentation techniques and a great variety of synthetic and naturally derived 
biomaterials have been used. 

Synthetic materials have been unsuccessful because of foreign-body 
reactions, resulting in stone formation, collapse, infection, rejection, or extrusion and 
15 migration of the graft (see Barrett, et al. Semin. Urol. 2:167-75 (1984); Bohne, et al. J. 

Urol 77:725-732 (1957); Stanley, et al. J. Urol. 107:783-787 (1972); Swinney, et al. 
Br. J. Urol. 33:414-429 (1961)). As a result, syntiietic materials have been used 
primarily as temporary implants to allow bladder regeneration to occur (see Taguchi, et 
al. J. Urol. 108:752-756 (1977); Tsuji. et al. J. Urol. 97:1021-1028 (1967)). However, 
20 the majority of studies confirm regeneration of transitional cell epitiielial lining on the 

inner surface of tiie graft witiiout adequate reconstiiiction of a functional detrusor 
muscle. Natural materials for bladder reconstiiiction have mostiy rett-acted with time 
(see, Baret, et al. Surg. Gynec. Obstet. 97:633-639 (1953); Kelami, J. Urol. 105:518-22 
(1971)) and the alloplastic total bladder prosthesis is still at an investigational stage in 
25 animals. 
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Autoaugmentation by enterocystoplasty with either small bowel or colon 
has well-documented urodynamic benefits. Sidi. et al. J. Urol. 136:1201-4 (1986). 
Because of complications, including metabolic acidosis (McDougal, /. Vrol. 
147-1199-208 (1992)) rupture (Bauer, et al. J. Urol. 148:699-703 (1992)). mucus 
production, chronic bacteriuria. stone formation (Golomb. et al. Urology 34:329-38 
(1989)) and the potential for osteoporosis and malignancy (Fihner, et al. J. Urol. 
143:67^ (1990)), the search for other suitable materials continues. Gastrocystoplasty 
circumvents some of these problems, but peptic ulcers and perforations, tiie 
hematuria/dysuria syndrome, and metabolic alkalosis negate some of its potential 
advantages over intestinal segments. Mitchell, et al. Oxford. Black^ell Scientific, pp 
439^ (1993). Recently the technique for enterocystoplasty lined witti urotiielium has 
been shown to increase bladder capacity whUe taking advantage of tiie inert properties of 
an intact urothelial lining. Buson. t/ratogy 44:743-748 (1994); Gonzales, er a/. 
Urology 45:124-129 (1995). Gastrointestinal segments in general have proven to 
enhance bladder capacity and compliance, thus protecting the upper tract and renal 
function. Unfortunately, tiiey are unable to support normal micmrition. which often 
necessitates clean intermittent catheterization or otiier supportive measures to ensure 

complete bladder evacuation. 

To overcome this functional shortcoming, natural and/or biodegradable 
materials serving as a scaffold for the ingrowtii of host bladder wall components have 
been tried witix encouraging results. Atala. et al. J. Urol. 150:608-12 (1993); Knapp. et 
al. J. Endourol. 8:125-30 (1994); Novick. et al. J. Biomed. Mater. Res. 12:125-47 
(1978); Scott, et al. Br. J. Urol. 62:26-31 (1988). The bladder wall tissue thus 
regenerated has shown the potential to provide functional augmentation in terms of an 
enlargement of the bladder without compromising its voiding abilities. 

Despite the above efforts, there remains a need for new materials which 
are useful for grafting by serving as a scaffold for the development of new muscle tissue. 
The scaffolding material should be antigenic and capable of use in a variety of organs 
and individual hosts. Surprisingly, the present invention provides such materials and 
further provides methods for their preparation and use. 



SUMMARY OF THE INVENTION 



In one aspect, the present invention provides an acellular matrix graft 
which is isolated from muscle tissue, and consists essentially of acellular collagen and 
elastin. The muscle tissue which is the source of the graft is. for example, bladder Ussue 
or other smooth muscle tissue such as heart tissue or ureter or urethra tissue. 

In another aspect, the present invention provides methods of preparmg 
acellular matrix grafts in which muscle or nerve tissue is isolated and freed from cells 
and cellular components by mechanical, chemical or enzymatic methods, or by 
combinations of mechanical, chemical and enzymatic methods to leave a scaffold or graft 
which is essentially collagen and elastin fibers. For example, a bladder acellular matrix 

graft can be prepared by: 

(a) removing mucosa from an excised bladder cap to provide a bladder wall; 

(b) treating the bladder wall with chemical and enzyme agents to release 
intracellular components from the bladder wall to provide an intermediate matrix; and 

(c) solubilizing and removing cell membranes and intracellular lipids from the 
intermediate matrix to provide a bladder acellular matrix graft which consists essentially 

of acellular collagen and elastin. 

In yet another aspect, the present invention provides methods of restoring 
muscle function in animals having damaged or diseased muscles. In these methods, the 
damaged or diseased tissue is removed and replaced witii an organ-specific acellular 
matrix graft. The surrounding tissue tiien grows and infiltrates the scaffold or graft such 
that muscle tissue is regenerated and muscle function is restored. 

In one preferred embodiment, the method is directed to restoring bladder 
function in an animal having a partially damaged bladder, tiie method comprising: 

(a) removing the portion of the bladder which is damaged; and 

(b) replacing the removed portion with a bladder acellular matrix graft to 
promote regeneration of bladder tissue and restore the bladder function. 

In still another aspect, the present invention provides methods for 
promoting regrowtii and healing of damaged or diseased muscle tissues, said method 
comprising replacing ttie damaged or diseased muscle tissue with an acellular matrix 
graft which consists essentially of acellular collagen and elastin, and is prepared from 
organ-specific tissue. 



• 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the working steps for processing a native rat bladder 

into a bladder acellular matrix graft (BAMG). 

Figure 2 shows the scanning electron microscopy of the dog, hamster, and 
rabbit BAMG at 20 x and 5,000 x magnification. 

Figure 3 shows the recordings of electrical field stimulation in a hamster 
BAMG regenerate and a corresponding host bladder smooth muscle stiip 4 months after 
grafting. 

DETAILED DESCRIPTION 

The following abbreviations are used herein: DMEM, Dulbecco's 
modified Eagle's medium; RPMI, Roswell Park Memorial Instimte media; HESS, 
Hank's Balanced Salt Solution; PCS, fetal calf serum; EOF, epidermal growth factor; 
TGF-/3, /3-transforming growth factor; H&E, hematoxylin and eosin; PGP, peptide 
growth protein; DMSO, dimethylsulf oxide; 

As used herein tiie term "allographic tissue" refers to tissue which is 
isolated from an individual and used in another individual of the same species. The term 
-xenographic tissue" refers to tissue which is isolated from an individual of one species 
and placed in an individual of another species. The term "autographic tissue" refers to 
tissue isolated from an mdividual which is grafted back into that individual. 

The term "enzymatic digestion" refers to tiie degradation of tissues using 
enzymes such as nucleases. Typically, enzymatic digestion will be used to lyse cells and 
cellular components and remove the lysed products from tiie surrounding scaffolding of 

collagen and elastin. 

The term "host" refers to an animal which is the recipient of tissue which 
has been purified, cultured and transplanted from anotiier species (tiie donor) or from 
itself. 

The term "acellular" in the context of a mati-ix refers to a composition tiiat 
is essentially free of intact cells such tiiat any remaining cells are not statistically or 
biologically meaningful in the ability of tiie matrix to perform as a regenerative support 
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and is free of any unwanted cells that could include antigens which might contribute to 
rejection of the matrix by the immune system of the animal in which the matrix is 
introduced. 

The term "xenograph or xenographic" refers to between species such as 

between rat and dog or pig and human. 

The phrase "consisting essentially of" in the context of matrix 
compositions refers to a composition that includes elastm and collagen but does not 
include chemicals or naturally occurrmg compositions or cells which are derived from 
tiie source of origin of the matrix and that statistically or significantiy contribute or 
improve the ability of the composition to perform as a substirate for regenerating cells; 
but the phrase does include exogenously added incredients tiiat substantially or 
significantly alter tiie grafting process as it relates to cell growth rates apart from the 
performance of die matrix. For example, die addition of growtti factors to the matrix 
would still be included in the meaning of the phrase because the added ingredients act 
upon die invading cells directly and apart from the matrix and such factors do not act 
upon die matrix itself. Similarly, antibiotics would not alter die matrix performance but 
may indirectiy improve its success rate by inhibiting growtii of contaminating bacteria. 

General: 

Ideal materials for muscle replacement {e.g.. partial bladder replacement) 
should possess good physicochemical properties and mechanical reliabUity as well as 
biocompatibility. Bowel is most commonly used in various procedures of urinary 
diversion and neobladder replacement for die treatment of bladder cancer, neurogenic 
bladder dysfunction, bladder exstrophy, and interstitial cystitis. However, its use is not 
widiout long-term complications. See. for example. Bunyaratavey. et al. J. Med. Assoc. 
Thai., 76:327 (1993) and Khoury. et al. Urology, 40:9 (1992). For diis reason, die 
search for different materials and techniques for functional bladder replacement has long 
been the subject of a number of investigations. 

Naturally derived materials for bladder wall substitution, such as 
lyophilized dura, have often been limited by tiieir retraction over time (Kelami. J. Urol.. 
105-518 (1971)) and die alloplastic replacement of die urinary bladder is still at an 
investigational stage in animals (Rohrmann. et al. J. Ural., 156:2094 (1996)). Previous 
research has demonstrated diat collagen-based materials, such as porcine small intestinal 



« . F rr-^/ 70- SOS (1997), has recently been reponcu 

Tj AMP, can be used as a homologous or xenogenic grdit. 
^, spec.es, a BAMG can t« us Further provi<.e4 

^ loctin Preferably the graft is an acellular matrix graft 

with dyes such as, for example, tnchrome. H&E. a actm an 

Ussues Mn.ps.e., .oss. P.s. .vine a.. Ku^ans. 



btadder acllalar mamx graft (BAMO) ^ ^^^^ 

pig or hun«a b.«lder d^c. M abo^ ^ ^„ „^,., „h«> 

essentially of .cellular collagen and elastm^ embodiment, .he 

TiPrTj /v-actin or PGr ayes, ha f 
,„i^ with trichrome. H&E ° actm ^^^^^.^ ^^^^^^^ 

^■^ graft U isolated fro.. ^ matrix graft Is l^lated 

0,0 to about CSOMPa. O.gO to about . .10 MPa. In 

ftom rat bladder tissue ««i has an elas«c ^^^^^ 

,e. anoOter preferred -^'7* MPa. 

^ an elastic modulus of about 0.« .o^ ^^^^^^ 

The acellular matrtx grafts can be prep 
surgicalremovalofthesourcetissuea.— 

and ceU con^nts i^iuding cell — ^.^^^^ „. .ladder dome 
p^^iaes a schematic " ^ „„o,ed and inverted. 

Mucosa U removed by, for ex^P .J ^^^^ p^atives. 

p„p* and muscuUtris « »^ „KAse. sodium deoxycholat. 

.^ihiotics. nucleases and dete^e«s, ^ ^ 

• andneomycinsuua.. .scribed »ith refere^e to bladder 
BAMO until g«*^. ^ ^ ^p, ean be applied «. *e 

tissue, one of stall m the art wuiu other tissues and sources. 

- - ;r:r : rlC.Cn.vlde a b^der .a. 

—™7;itll.»i* Chemical and enzyme agents to release 

"'"'"^ 2der .all to provide an intermediate matrix; and 

,1 « KioHHpr acellular matrix graft, 
i^nnediate matrix to provtde a bladder a^U ^^^^ 

T« thi« asoect of the invention, mucosa is reu 



*e«b, ..easing ceU„,ar ccn.po«n. ^ ^ ^ effecting 

„.n,sis. -----orS^"l««e.»e...c,Mea.uUna 

buffeted aqueous soluuon (e^.. i ,„ ^out 24 hours, more 

phosphate huffer) for a penod of tune of ^.t 5 to about 6 hours. 

p.eferah.,ahou.3.oahoutfOhou«^^^^^ 

— ■r:er::-^-en.atea.oso,uh^a^^^^^^ 

— rr: "^^^ 
:L:h='r:r:ref«.e.f.^^ 

.oaiun. aesoxyci^late solution co^ahung ^^^^^^ 
..uhiii^gn^thoasuseana^— o^^m^^^^ 

,.„„eho.a.e. ^-^^T^r r— — ^ 
particularly preferred ^,„^. „f ,bout 4% sodtum 

„.„ved fron, the — « J.. ^ period o, tinte necessary to 

aesoxychoUte containtng about 0.1% sod»n ^ ^^^^^ 

^.uhilize the eel, men,hranes and '^^^^l^^^ „f .he soluhili^ing 
„bieh solubilization is carried out and the .den.^ a ^ 

agents. Typically, .he solubilization . '^^^^^ ^ ^ „„st 

ft„„ abouil to about 24 hours, more preferably about 3 

J preferably about 5 to about 6 hours. „„i«aiy washed with a 

The resultant acellular matrtx graft ,s typ cally ^ 
. Ki. hnffer « PBS) and used immediately, or it can oe 
physiologicaUy ^'^^^^^ ^ neomycin suttate) and st„r«. at 
With a preservative (e.g.. 01 ^« soaium 
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. . . One of skill in the art wUl appreciate that the processing 

ri" . „ ^, > » — 

properties of strain, stress Different strain values m 

r r.r: ; - — - — > --r'zrir: . 
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Ce»ni. « al. Sc>. A... 256:90 (1987); Metier, e, a,. Proc. m,. Aca,. Sc. USA. 

81-583 (1984); ^ Longhutst. « cl. J. Vrol.. 1«:1615 (1992)). 

81.583 ^ ^ „ U,e mauix graft W-ly 

includes angiogeoesis. smoc* muscle grow*, and nerve proliferation. Angiogenes.s 
'^yZJ. as 0. gro^ o, ne. capillar, Hood vessels fro. e..n. vas.^. ^ 
L Jn proposed » .» regulaled by a proliferative and/or morphogeneuc pathway (^pe 
^lllagen as a template for endothelial cel. migration and lumen format-on). Sage, 
TTa. ..«,P.«««.. 12=3145 0994). Smooth muscle growth may ongmate from the 
edges of the graft or fr«n pericytes after capiUar, neovascularization, mo,. 
mecro.. Micrcsc. TecH.. 19:327 (1991). Baski.. « al. (Baskm. « ^- 
156-1820 (1996,) reported that hoth hitact bladder urothelium ^ ^olated bladder 
n^senchyme recombined with bladder urothelium ftom rat ,e».ses demo^tra«d 
«p^sion Of smooth muscle differentiaUon when grafted under the tenal capsul. In 
coLast. bladder mesenchyme alone failed to induce smooth muscle expresston wh n 
^ AddiUonally, the development of a ftmctional extrace.to.ar matnx sea^s «, be 
Cced by mechanical forces. The importance of an .tact coliagen scaffeld has been 
u^lerscored by the finding that physical strain stimulates collagen types I and HI 
expnission in bladder urothelial and smooth muscle cells. Baskin, e, al. . X Urol. . 
1^:601 (1993)). Although collagen type I P-otes eel, '^'^^^'^^ 
tissue morphogenesis during development (Brenner, « al.. J. 1^- Clu,. M « l^^SS 
(1994)), its main ftmcUon in connecdv. tissues has been assum«l to be wtthstar^mg 
tension (s«. Montes, CeH Biol. M.. 20:15 (1996)). CoUagen type m is thought to ^ 
:sponsiHefors.,ucmra.maln.en..«einexpansib.eorgans. ^^^^J^'^^ 
gis presented demonstrates different feamtes in tex^rre. However, a.tho«gh different 
quantities of collagen types I and UI have been shown, both types have be«. found as 

major components of the BAMG. 

Because active function of the bladder seems mainly to be generated by 
smooth muscle cells, the tensile properties have been assumed to be umuenced by the 
extracCular matrix. Pastprali-Ronchetti, I. er UUrastructure of elastm. In: Ctba 
FoundaUon Symposium on the molecular biology and pathology of elasdc fssues. New 
YoHt- John Wiley & sons, pp 31-42. 1995. Bastic fibers are most abundant in ussues 
subject to stretching, such as blood vessels, .ung. skin and elastic cartilage (Viid*. A. « 
al Biori^olo^. 19:437. 1982), whUe the coUagen network seems to be respons.ble for 
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U,e ,uau,y o, high ensile ^ h. con.«tive tissues, Iain. M. K. « a,. Bia^eria.. 
11-.465. 1990. ^ ^ variations in degree 

and quaUty of smooO. muscle regeneration (see. Piechota. H. J. « al. Vrd. Res.. 
25-2 12A 1997). When hamster and pig BAMGs are grafted to rat bladder, 
regeneration is best fecUitated »i.h the closest possible s,n.cu.ral match beween the 

graft and the host bladder «al.. This has been confmred b, the 
pure matrix stn^tures presented hereto. The similar performance of the p.g BAMG 
L hmnan BAMG allows the use of pig BAMG mat«ia. for partial bladder replacement 

in humans. ' 

Accordingly, in still another aspect, the present mvention provides a 
method of restoring bladder function in an animal having a partially damaged bladder. 

the method comprising: 

(a) removing the portion of the bladder which is damaged; and 

(b) replacing the damaged portion with a bladder acellular matrix graft to 

promote regeneration of bladder tissue and restore the bladder function. 

In this method, the animal which is being treated can be a rat. pig. dog. or 
human. Typically, the bladder acellular matrix graft is prepared, as described above, 
from xenographic or allographic tissue. 

The present invention further provides methods of restoring muscle 
function in an animal having a partially damaged muscle, the method comprising: 

(a) removing the portion of the muscle which is damaged; and 

(b) replacing die damaged portion witii an acellular mati^x graft to promote 
regeneration of muscle tissue and restore tiie muscle function. 

In this metiiod. as in the metiiods above, tiie animal which is being treated 
can be a rat. pig. dog, or human. Typically, die acellular matiix graft is prepared, as 
described above, from xenographic or allographic tissue. Preferably, die acellular matrix 
graft is prepared, as described above, from organ-specific xenographic or allographic 
tissue For example, repairing heart muscle in a human will preferably be accomplished 
widi an acellular matrix graft from heart tissue of a donor which is preferably human or 
anotiier mammalian species which provides a matrix graft similar in composition to a 
human heart acellular matrix graft. 
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*oi r^ciK are offered by way of example and are 
The following experimental results are onerea 

not meant to limit the scope of the invention. 



EXAMPLES 
WYAMPLE 1 



™» e^mple mu3««cs U.e preparation and characerization of bladder 
acellular matrix grafts from rat. pig and human bladders. 

J / Bladder isolation ^ ^ , 

■ uri^ry bladders without the trigone «ere harvested from fresh rat 

„ age 5 months. N = 20) and pig (female, age 9 r^. N =3) and a female 
nln adaver (age « .ears, The pig atK. human bladders ,»ere longnu^ma,^ 
bisected; half was assigned for matrix preparation, and the other for control. The rat 
bladders were not bisected; 10 were assigned to each group. 

12 AcettularBUxdderMMnx Preparation , . „ „. 

to the matrix preparation pr<«ess. urinary bladders were placed m Pem 
dishes containing 50 mL of 10 mM pho^hate-buffered saline (PBS, pH 7^,^r. 0.1% 
sodium azide. The bl«iders were inverted a.^ the mucosa was scraped off w,th a pa. of 

no mM PBS - 0.1% sr^ium a.ide and stirred for 5. hours to -^^^Tu 
Bladders wete then washed with 40 mL of PBS before treatment with 50 ml. of 1 M 
"elide containing 2000 Kunitz units DNase (Sigma; St. U,uis. MO) and 
birred for .2-14 hours; this step was repeated 2 to 4 times depending on the source of 
bladder. With this, cell lysU was complete a.^ all the intracellular components were 
Pleased The samples were then treated with 50 mL of 4% sodium deoxycho.a« 
"ng 0.1% s:ium a.de and stUred for 5-6 hours to solubili« the lipid ..,er cell 
membranes and intracellular membrane lipids; this step was repea^ m 
^Itan. bladder .cellular matrix graft was washed three tm.es w,th 50 mL PBS and 
stored in 0.1% sodium azide and 10% neomycin sulfate at 4"C. 
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1.3 Light Microscopy 



1,3 Light Microscopy 

X cellular graft specimens were fixed in 10% bunerea 

smooth muscle. These stume the effectiveness of the matrix preparation 

o..ih,lar scaffold and thus confirmed the ettectivencs.^ 
to be an acellular scaiioiu at H,,rt's technique, see, Luna, 

p^s. The elasao fibe. we« suined accora,„g ^^^^l^L IN^B OP 
L.„.o.m-u»,c.«H.oMHn,ooso„»^^^^ ^^^^^^^ 

P.™oU«v. 3r* ed. New Vo* McGnw HU. B^. PP ^^^^ 
^es we. iaenanea . .epo«ea b, '-^^ « ^ Cmi* 

flbers [.^ n appear «rong.y ^„ ^ bladder nu«rix of 

TdtLr? d^ ^r. — - — 

""^^ 1 j::rpt:lUedspec>.e.uMe.*epo.a*U,s« 
greater than m the rat. n r,hpr in the rat bladder matrix. In 

demonstrated that type I was the major collagen fiber ^ ratio 

. t«np m fibers were abundant in the pig and human bladder mair 
contrast, type HI fibers we ^ p.^ 

of thick to thin collagen fibers m the rat BAMU w 



human BAMG 

1,4 Transmission Electron Micrcoscopy 



Transmission cieurun ^ h« onH 9 *>% 

Specin^ns we« tane^ed in a fixattve (2.5% glu^raldebyde and 2 3% 
, ,>dehvL in 0 15 M sodimn oacodylaK buffer. Af<=r primary Hxauon, fte 
paraformaldehyde) m 0.15 „„ <te„^ w,x and cut in 3 mm segments. 

^ples were r'^-^J^^'^ ^^ „^,^^ed in unnic acid, and 

dehydrated m a graded sen ^^^^ ^^pp^^ 

:rr^::Lgrn:n:::rarici„.e— widta 

—rr:— ^^^^^^^^^ - — .:;igs 

^uutar matrix scaffold in me different species and supported light m,croscop.c fmdmgs. 
"Itably fewer elastic rtberslnthe rat bladder matrix thanintheptg and 
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K matrix a»d *=y appear«i to be more densely su»«d. Collagen fibers appeared 
"Tpani- variaaons . dU»e«r in d. ra. n.u.; in *e pi. an^ 

able to distinguish distinct coltagen types. 

15 Strip Preparation and Mechanical Properties 

Sp^in^ns ».re assigned to six groups (N = 10 in each): viz.. the nom.. 
Madder a.«. the aceUular matrix of each of the three sp^ies. longitudinal strips we. 
n from each group. A sandpa^r frame «as constructed around the spec^«^.o^ 
tiliute uniform gripping during tensile testing. Tl^ ends of each strtp wer^ — 
the smoou, side of the sandpaper with cyanoacryUte adhesive u, prevent shppage f,^ 
Z camps. «ent.y. anod^r sandpaper frame was attached to form a sandwtch 
around the strip with a window over U» test section. Specimens were wrapped m 
salme-moistened gauze, covered in plastic wrap, and stored at -20-C. 

Before testing, spechnens were removed ftom the f^ and aUowed «> 
t^w while immersed in physiologic saiine at room temperature. '''^ " 
Of the specimens were measured with Vemer calipers (±0.02 mm). The wtd.^ of th 
spechnl was also measured widln the frame. .Ire frames were mounted m *e of 
a^rvohydraulic material testing machtoe (MTS Bionix 858, Eden Frame. MN. USA), 
once mounted in the grips, the sides of the sandpaper frame were cut. The sp«m«.. 
were distracted longimdinally a. a rate of 0.3 mm/sec to faUure. Specmten load and grtp 
^ contimK-y measured throughom the tests with a precision fo.^ — 
(Sensotec. Model 31. Columbus. OH, and the test system Unear Variable Dtfferenna. 

Transformer (LVDT). 

stress/strain curves for each specimen were generated and the ultunate 

tensiie strength, maximum strain and elastic modulus were detennined. The strengm 
(MPa) was calculated by dividing the Mure load by .he cross-secttonal area of me 
specimen. The maximum strain. .... the strain value correspondmg to the ultm«|e 
sLngdt. was calculated as Ute displacement of the spechnen divided by the iniua. gauge 
leng* (in mm/mm). The elastic modulus (MPa) of the strips was defmed . the sU>pe of 
Jmos. linear region of the stress/strain curve. Photographs of each test were taicen to 
a^yze the failure pa«eri« of each specimen. Data are given as mean ± S.D. 
Differences b«w«n the means of the BAMO and control urinary bladder were tested for 
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QtiiHent's t-test A value of p<.0.05 was considered 
statistical significance with Student s t lesi. a v»i f_ 

significant. ^^^^^^^^ ^^^^^^^ ^^^^ ^^^^^^ 

urinary bladder strips are summarized in Table 1. 

TABLE 1 

Tensile Properties of the BAMG versus the 
Normal Urinary Bladder in Rat, Pig and Human 



Material 



No. 



Ultimate Tensile 
Strength 
(mm/mm) 




Ultimate Tensile 
Strength 
(MPa) 



Elastic Modulus 
(MPa) 



Data are given as mean ± S.D. 
* p <0.05 vs. normal rat bladder 

There was no evidence of specimen slippage within the grids during the 
testing procedure. The site of failure during testing varied and depended on the 
,„hiKc«re of fte particular specimen, near tt.e e^is in some cases «,d wittnn ce«er 

of the strip in others. 

Typical stress/strain plots for the BAMG and the control bladder strips 

demonstrated an initial nonlinear region, followed by a linear region, and finally a region 

where failure occurred in all species. Hie incline of the BAMG graphs was less 

balanced than that of the control bladder strips in all species. 

The mean maximum strain for the BAMG and the control bladder strips 
was not significantly different, except in the rat (p < 0.05). Also there was no 
significant difference in the ultimate strength between the BAMG and the control strips m 
all species (p > 0.05); however, the ultimate tensile strength of both the rat bladder and 
the rat BAMG was higher than that of the pig and human groups. 



• nf the elastic modulus for the BAMG and the control 
The comparison of the eiasnc muuuiua 

/ n ns^ although, in general, the BAMG had a mgner v* 
^pecmiens (p > ^^^^^ ' J^^^^ was signif.canUy higher than 

control. In contrast, the elastic mo The elastic moduli for both the 

^ 1 .» fnr the control rat bladder strips (p < 0.05). me eid 

the value for the control ^^^^^ ^^^^p^ 

J ♦uo «>t nAMG were higher than tnose lur uit f e 
rat bladder and the rat BAMG wer g ^^^^^^^^^ 
The biomechanical properties of the newly develop 

g^ft U« hos. bladder «aU «m acMeve d» bes. »u««o,^ — 
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TOs example iUusttates me decreased antigemcity of *e bladder aeellular 
^ (BAMO, «.o„.b — and also ev^ua^^ . - ^r- 
v«™ functional properties of ti,e BAMG-rege,»ra.ed ra. uru»ry bladder. 

preparmion<i,heBM<Ur AcaiuUxrMa,rix Graft PMG) 
Z^ J^r^^ Syrian male New Zeala,. «hi« rabbus, and 
n^e n-ongrel dogs »ere obuUned ^ our tasti^Uons' J^^, 
Madders »ere exois^ ^ ^ -^'^ ^^r. Example ^ J« 
BAMGs were used as M-bUdder-si^ grafts, whereas rabb.. a»l dog BAMGs were cut 
to smaller patches of approximately 5 X 5 nmi befeie grafting, 
to smaller pa ^ ^ ^ ^ 

„y before grafting to confnm the BAMOs' acelluWty and the effe«.veness 
Tthe 1^ preparation process. These studies revealed an intact ftamewo* of 
c^lUgen and IJin ftbers with no evide,^ of remaining cells, nuclei or o.^ 
™ The stntcture, de,.ity and thic^ess of the fibers differed constderably 

u BAMG tvnes The average ftber diameter seemed to increase w.th the 
ZZ : r:T:r*::ies nber deLty ap^ed to be less in the rabbit and dog 
BAMGs than in the hamster BAMG (Figure 2). 



n 



5 



2.2 Surgical Ttchmque ,„201 were aneslhetized with 

Male ^ ^ ope-'na 

Through . lower midlme ««:».on, to bla 

perfonned wl*ou. coa,»l.Uo„ or U^«on o^^ - ,„„„-coa»d 

BAMO w. sra^e. .0 ^ ^ ^ ^ 

8-0 Vicryl" (E*ico« Inc., SomervWe N« ^ 

posterior walls. Pour to ««Hor, pos^Hor, left an. risht 

Manati PR) bunon sutures w^ju. ,0) underwent partial 

::r:::-i— tiono,,...o^~ 

"-^~T":!e:r3»rwi.hinLh.roup). Pive aninrals died 
Cto di^rihuUon of male to en,a,e w^ 3 ^ j BAMG, 

postoperaUvely (3 male. 2 female). The 3 ma ^ ^ 
L Within 2^ days uremia — ^^^^ „^ proximal 

ure.hr. h, a staghorn stone-lU- P ^ ^^^^^ ^ 

BAMG (not^mineral ma.er«l as^ J ^ 
scamung electron mi^oscopy). Ua^S animals (1 rabbtt and 1 dog 

rupmre o, to g«ft ^««-- ^ „ with severe 

BAMG) died 3 weeks ate surgery t ^ „^ of 15 grafted rats were 

respiratory tract obstruction and rap-i ^ 

a,ailable for farther ev.taa.ion. ^^,5 j^^,,,. 

partial cys«ctomy was However, 3 

«on= Of to animais died of causes re «^ .^^^ ^^^^^.^^^ ^^^^ ^ 

- died Within . hours P--^ J,, „.re .vaUahle for 

Corona virus infection. The 7 surviv g 

follow-up. for leakage by instillation of 

Birar"..cc«he»ri.aonUe..remel,di,r.u,t 
saline thrtwgh a urethral tube. Because a ^ 
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. ™„ l»vers with 4^ plain got (Da™ + G«k) sokJ 3-0 
braided silk (Elhicon). respectively. No drattage 
administered peri- and postoperatively. 

A" — ' : " aZlre fdled with 10% 

«ere saved eor --^r;— ^ « . a d.tended 

r r^-::r r. s..eeted to — Uss^e stodies at. 
histologic evaluation thereafter. formation of 1 to 7 

°^'"*"Tr^ro:r^tI- stone — was 
bladder stones, in contra. «. ^» "^^^^ ^ .„ „ ealcuU). However, 
especially pronounced «. the Hewberryite, 
cont^sition of the calculi (s«uv.«, ^-'"^^-^ ^ ^ ^ 

- J 1- ,^w,t^ 10-100%) did not ditter among uif ^ 
20-100%; and brushite, lu-iuu/o; 



groups. 



9 3 Evaluation of Micturition Pattern 

vlmes per void were evaluated non-invasively in all ammals 
Volumes per ^rgery. A specially 

preoperatively and at 3 and 7 days and 1, 2, 3 and 

; • W "micturition cage" was used. The cage consisted of four standard 
designed micturition eg .^^^ ^^^^ ^^.^ ^^^^^ 

"haneing-basket" housing cages (10 x 8 incnes; w . a 

sUiconized l/S-inch hardware cloth, which effective Y 
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,o sav. i. in a sp«ad.hee. fonna, «nsferabU » U« Microsoft Excel software prog«m. 
U,us facilitating graphic and statistical analysis. 

Because approximately two-thirds of all voids in rats occur a. mgh. (E*a. 
« J. Vrol 151:496-502 (1994,), urinary excretion, voiding frequency ~ 

void were sn-died for 12 hours overnight. AU rats wete allowed to equthbrate ,n the 
housing cages for 8 to 10 hours with food and water given ,mun,. To enhance 
dZ^, 1 food hu. a sweetened orauge-flavored instant drinK (Tang- Kraft General 
Foods inc White Plains NY) was offered during the 12-hour study penod. 

Although ntean preoperative vo,uu«s per void were slightly higher .n the 
partial cystectotny group, this differe«e was no. sutisdcaUy significant (p = Oi)55 vs. 
Tham^ter BAMO group). T*ree days after grafting, volumes per void were decrea^ 
„ more than 50% in all animals. Withh. 2 mo«hs they were gradua^, r«t„r^. at t^ 
1 of the 4-month observaUon period, exceeds, preoperafve values by 94% tn *e 
gifted anunals and 35% in the control group. The difference from control m absolute 
volume per void was not statistically significant, however (dog BAMG. P-0.C61; 
hamster BAMG. P=0.458; rabbit BAMG. p=0.159) (Table 2). 

TABLE 2 

Table 2. Volumes per Void After Partial Cystectomy and in BAMG-regenerated Rat 
Bladders Within 4 Months of Surgery 

Hamster Dog Rabbit 

BAMG BAMG BAMG 

(n=5) (n=5) (n=5) 

0.47 ± 0.06 

0.25 ± 0.01 
(-53%)* 

0.37 ± 0.07 

0.41 ± 0.07 

0.63 ± 0.09 



Pre-operative 
3 Days postop. 



1 Week postop. 

1 Month postop. 

2 Months 
postop. 

3 Months 
postop. 

4 Months 
postop. 



0.76 ± 0.08 

0.81 ± 0.11 
(+72%) 



0.57 ± 0.07 


0.51 ± 0.05 


0.37 ± 0.03 


0.28 ± 0.02 


(-64%) 


(-55%) 


0.48 ± 0.03 


0.36 ± 0.01 


0.67 ± 0.05 


0.66 ± 0.03 


0.72 ± 0.04 


0.71 ± 0.12 


0.99 ± 0.12 


1.04 ± 0.15 


1.08 ± 0.10 


0.99 ± 0.06 


(+90%) 


(+94) 



Partial 

Cystectomy 

(n=7) 

0.65 ± 0.04 

0.34 ± 0.02 

(-52%) 

0.47 ± 0.02 
0.64 ± 0.04 
0.80 ± 0.06 



0.82 ± 0.05 

0.88 ± 0.06 
(+35%) 



All data are expressed as mean value ± S.E.M. 

♦ Percentages of preoperative values are given m italics. 
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P,„id co,^mpUo„ a«l consequem uri« exertion tacreased 2.2-fo.d in ae 
„af.cd and 1 3-fold in *= conTol anin,a.s during me 4.n.o«h observadon period. 
Cngtouene, iniUaUy increased by 4« in .e grafted and 77% in «« con.roi 
X^ m I after surgery, voiding frequency was ...osr ^ sa„« as pre- 

operatively in all groups. 

2 4 Cvstometric Measurements 

■ c^s^metrio evaluation was performed a. 4 n,ond« according .o a merhod 
„«,ined fro. lungren e. .1. (MaUngren. e. a,. , Vrol. «7a291-n94 (l^S^and 
Tri (Darr, I.™,, 148=,.3.187 (1992)). A« ra. we« an=s««.ized w.* urefl^ 
aTo^mg/ gi.p.) and placed supine on a warned operating Uble. tafen»lera.. 
.Llelal cy lU wa. performed by n^ of a ^gauge angioca«««r connected 
^yure Je .bing (PE-90) .„ a pres^re uansducer (Ba.«r Uniflow pressure 
ZJL Bax«rHea.a,care corp., Irvine CA). An SCXI-1121 signal processor 

" f,„„ Austin TX) supplied me excitation voltage to the transducer 

(National Instruments Corp., Austm > Fi- «,.,i„„,i 
and fW the analog pressure data to an SCXl-1000 analog-.o-dig,ul converter » 
^euts). A Macintosb Quadra S«, persona, computer witb tbe -■'-='2^' 
program (National— )wasn^ to ac^uue da.^^^^^^^^ 
format. Inmate rats open cystometry was performed. The PE 90 tubmg 
I tip was inserted through a small incision in d» lower ventral bladder wall where ,t 
^ f„ed with a 7-0 Dermalon" tobacco sac sumre. Before the experiments were 

Ure pressure transducers with mbing and angiocatheter attached were «rc«d to the 
atmosphere during infdsion. The bladder was emptied before each cy^ometrrc 
„ment. After an e,uilibra.ion period of 15 mbytes, each rat -™ 
consecutive cystometric meas^ements during id^ion of warmed saUne (37 C) «0 2 
^ per minute with a Harvard Apparams 22 pump (Harvard Apparams, M, hs UA . 
Upol inlitsion, capacity was determined as tl. volume at which any kmd of leaKage 
occur^d. Baseline pressures, bladder opemng pressures and peak pr«sures were 
measured. Compliance (cm %0/mL) was calculated according to ti« formula: 



P2-P1 
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„ „„j V the infused volume at that time 
wifl. P, representing *e bladder opening pressure "f"" 

^ ^ o«/i V the infused volume at that tune. 

compliance. „r^cc„r^ nroved not to be statistically 

Slight differences in basehne pressure provea noi 

significant (Table 3). 

TABLE 3 

Table 3- Cystometric Findings After Parti^. Cystectomy and in BAMG-regenerated 
Tables. Bladders 4 Months Postoperatively 



Bladder 

^ capacity Co^pUanc 



o 



43.3 

Hanger ^-^ ^ j. 3.0 

(n=5) 
BAMG 

. 4 1 19.2 34.3 

Dog(n=5) 4.1 ^^_g 



4.4 


21.2 


± 0.4 


± 1.8 


4.1 


19.2 


± 0.9 


± 1.2 


2.3 


20.8 


± 0.8 


± 0.8 


3.7 


19.3 


±2.2 


± 1.5 



(ml) 


e 

(cmH20/ml 
) 


2.49* + 


11.5* + 


± 0.04 


± 1.6 


2.23* + 


8.8* 


± 0.09 


± 0.8 


2.08* + 


9.9* 


± 0.04 


± 1.6 


1.43 


24.8 


± 0.08 


± 1.0 



BAMG 

o 20 8 41.8 

Rabbit (n=5) 2.3 ^^^o +07 

BAMG ±0-8 

in 19 3 47.4 

Partlal(n=7) 3.7 19^^ 

Cystectomy ± ^-^ ±—L 

All data are expressed as mean value ± S.E.M. 

Significant difference (p<0.05) .hen compared with the partial cystectomy 

group. 

significant difference (p<0.05) »i»n compared with other BAMG-regenerated 

bladders. 

The bladder opening pressure ».s almost identical in all groups. The peak 
pressure .as tire highest in tire partM cys^cnr, group. ,o,.»ed b, tire^^r and 
Ibbi. BAMG groups, witi. the .o»es. values in ti« dog 

tirese differences »ere not statistically significant (p^O.154). In co«rast. bladder 

was significantiy higher ti«n ti. control h, all grafted amnrals (haunter BAMG. 
rTo-'Ig BaLg. p=2.10 X t.^ ; rabbit BAMG. p-0,OU). T.» ~s 
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o the crafted groups were also statistically significant (hamster 
in bladder capacity among the grafted gro p compliance was 

« Axxn «-0 027- dog vs. rabbit BAMG. p=3.66 x 10 ). '^on F 
vs.dogBAMG.p-0.027.aogv „ 1 96 x lO"^). Among the 

bladder hypertrophy comequent to exeesswe sto 

affected compliance in the hamster BAMG-regenerated bladders. 

" r."~e.Uedhladders»erepUced.aPe.dUhwi. 

------ r;:r:rr::rrr.^^^ 

-^:tirr:""— ^^^^^^^^ 
--rdrr::::ir::r:c:.o«ernr^.^^^^^ 

^ J l/rol 461-5; discussion 474 (1990); Kropp, Urology 

surgery in the rat. Guan, et al. J. Urol, loi 3. . . , , , r iiml 

i«.720-724 (1994); Vaught. et (d. J. Urol. 155.374 » ^ , 
152.720 7Z4 (lyy h B . eventually 

• ra';<^,^ nf crafted ammals m our smay. oia«« 

muscle strip. 



Table 4: Otgzn Bam r.. 
™ After Grafting 



5 



Matrix 
Hamster (n=4) 
BAMG Host 
Strip s (n=10)_ 

Matrix 

Dog 

BAMG Host 
Strips (n=10) 
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TABLE 4 

... in BAMG-Regenerated Rat Bladder Strips 4 Morvths 
Organ Bath Findings in BAMO k s 

Maximum Forces of Contractton 

Etectrical Field Carbachol High 

Potassium 

(n^^ew^^ 

n cQ* 0.12 

± 0.07 ± Of %.4i 

4- 0 22 ± O.U 
±0.12 ±0.2^ ^ 



Strip 
Weight 

(mg) 

47.6+ 
±4.2 
37.8 
±2.5 



Resting 
Tension 

(gm) 
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, are expressea ^ ^^^^ 

^ n OS") when compared with nosi 
significant difference (p<0.05) wne 

Strips. 

... ^ ^^c' 

Gas now induced croalation of Kr instruments, 

„te™. .eating cirouit (eirculaUng P-P^™ ^ artifacts couid 

Buriingame CA). Po- iower 1 ~ _ a t^nna, 

be measured in the woilung chamwr. stimulation, 

^, recorder (Oouid TA 4000. Gouid ^-^^^^^ ^ o.,8 mm 
,.rac. I^siuped. custom-made pU.™^ « <^_,^,„^ 
diameter) separated by 10 mm were "-^ „ . p„,oad of 20 
Co.. QuincMA). Tl« tissue was mounted parallel .0 



■ „ of about 4 mNewton (0.4 g) a. the end of a 
<^ ^ """^.7 n^ollde current-aistriWonbox supplied a 
60-mm eouiUbratton P*"-^' ^equenaaUy delivered to .«o of 

supramaximal current of 0.14 A at 15 . 

„.re.o. - — c 

used the following ;'^;^^;,„^.on.. 1-80 pulses per second (pps) 

balanee^arged rectan^lar puls«, ' » ^ ,^^o«; 0.14 A 

ft^eney ; 10 sec stimulaUon tra«>s, 2 mm u«erv 

amplitude at 15 V. ,,,„„ was used to evaluate nerve-mediated smooth 

"-^"r r:::::"cl.i.«rgic agomsO and atr..i.« (as O-e 
muscle contraction. <^'^' ^^^^y .he preserve of cholmergtc 
a^^rlat. antagonist) were „^ „^ ,3 another mechanism to 

^ors within the regenerated ttssue ^^„^am^.<,tm 
smooth muscle cell depolanzatton through 

potential. , „ta,„,a.ion at increasing frequencies showed 

Supramaxmud electrical tie ^alitatively very simdat 

'""Tt'^rsi"^-""^^^ 

'ii!irn'^"r^ ^^p"-- p" -"-^ ';^ri"'iirrsrin an 

,^der strips (Figure 3). -'^':;;';";::Lo,. 42% (hamster BAMO) 

BAMG-regenerated strips ^ — .^^'^/^der wall tissue (Table 4). 

^ 38* (rabbit BAMG) of the ^J^''^ . ide«ical 

Carbachol stimulanon d x 10 W 
contraction in the BAMG and host bladder str,^ _A^ ^^^^^ 

;« all RAMG-regeneratcQ sinps. Am 
contraction was the same m all BAM g ^^^^ ^ 

(aog BAMG). 50* (hamster BAMG) a^ 34% ( ^ ^^^^^ 



all strips. 



10 

,2* 



^ 15 

« 0. CaO, 8'--= ^„^o>. ''^^ \ MO; C 

^. «.C> was «P>««- (Sipna ^ »«ou»^ 

,^.T.«y»°°«^^„,^.>adae,waU.i--CIa'' 

Mactoscopicaiiy. tegton of the graft- ^.^ial cystecwtny 



,„^. although most Madders had global ^ 

fonnaaon. DisO^ ^.es o, w.l developed. — 
^„ evident th^-shout the gifted a«a^^~s 

of the BAMGs. 

" edS.„de..fs.-.es.«.s«sedtoco.npa.vo.uo,esperv„ld, 

7 ,n had, data in the control and grafted animals; p values < 
cystometric values and organ hath data m ^ ^ 

0 05 wre considered sUtisticallysigmHcant. All data ar p 



